A solid-phase, enzyme-linked immunospecific assay for measurement of different immunoglobulin classes of human rotavirus antibodies is described. The antigen, which was adsorbed directly to polyvinyl microtiter plates, consisted of a clarified cell culture stock of the simian rotavirus SA 11. The assay was sensitive and reproducible and could readily be calibrated to determine concentrations of each class of antibody. The assay was applied to measurements of rotavirus antibodies in serum, colostrum, milk, and fecal samples. It particularly facilitates investigations of the role of immunoglobulin A antibodies in immunity to rotavirus infections.
In recent years rotaviruses have emerged as important etiological agents in diarrheal disease (gastroenteritis) in human infants, piglets, calves, and probably numerous other animals (4, 5, 9, 14) . Rotavirus infections appear to be limited to the epithelial cells lining the small intestine (10) , so one would expect locally secreted immunoglobulin A (IgA) rather than serum antibody to be important in protective immunity (2, 11, 18, 21) . Nevertheless, most studies of rotavirus antibodies have employed complement fixation tests, which are incapable of detecting IgA and have been carried out on sera (9) .
Recently, measurements of specific antirotaviral IgG, IgM, and IgA in samples of serum, colostrum, and milk by an enzyme-linked immunospecific assay (ELISA) were described by Yolken et al. (24, 25) . The antigen used was human rotavirus grown in gnotobiotic calves. In our laboratory we evolved a somewhat different but equally successful ELISA, in which the antigen was cell culture-grown simian rotavirus (SA 11), which is more readily obtainable (6). SA 11 antigen has previously been used in radioimmunoassays for antibodies to rotaviruses (3, 23) . We now describe the application of this ELISA to separate measurements of the three classes of antirotaviral immunoglobulin in sera, colostra, milks, and fecal extracts (not previously described), using small numbers of representative samples of each to illustrate the feasibility of this simple, rapid, sensitive, and specific antibody-detection technique.
MATERIALS AND METHODS
Test samples. Cord and maternal sera were obtained at delivery, and daily colostrum or milk samples and feces were collected from the same lactating mothers and their infants, respectively. Scanning by a Unicam SP1800 spectrophotometer gave a maximum absorbance at 508 nm. The 5-aminosalicylic acid substrate was prepared as previously described (6) .
To test MPS, standard sera of known ELISA titers using 5-aminosalicylic acid were retitrated with each substrate. Hydrolysis of 5-aminosalicylic acid was terminated as usual, and each plate was read by eye after 30, 60, and 90 min. Plates were allowed to stand for a further 30 min to judge color stabiity.
MPS was found to be as sensitive as 5-aminosalicylic acid and more stable. No terminator was required, since MPS color changed little in the last 30 min of reaction whereas 5-aminosalicylic acid color changed markedly after termination and had to be read quickly. In addition, preparation of MPS was easier and faster.
Class-specific micro-ELISA. The micro-ELISA procedure was based on that of Ghose et al. (6) with several modifications. Cooke 96-well flat-bottomed polyvinyl microtiter plates (220-29, Dynatech Corp.) were coated with antigen and washed as described previously. Washing fluid was removed by suction rather than by shaking. Samples prediluted to 1:8 were added and serially diluted as before, with the exception of fecal supernatants, which were added undiluted and for which 0.05% (vol/vol) Tween 20 was included in the diluent. After incubation at 37°C for 30 min and a further washing step, the optimal dilution of a classspecific antiglobulin conjugate was added, and plates were incubated at 37°C for 1 h. The plates were again washed before the addition of 0.10 ml of substrate to each well, and endpoints were read by eye after 90 Laboratory staff sera were tested by classspecific ELISA using the duplicate conjugate batches ( Table 2) . Titers of specific IgA and IgG agreed to within one twofold dilution. However, anti-IgM conjugate 1 detected low titers, whereas conjugate 2 could detect no rotavirusspecific IgM in these samples. It is therefore likely that anti-IgM conjugate 1, detecting only eight times more IgM and IgA, was insufficiently IgM specific, and it was not used further. Further evidence of conjugate monospecificity for antibody classes is supplied in Table 3 , which shows the geometric means of the ELISA titers of specific antirotaviral immunoglobulin in 40 pairs of maternal and cord sera. In the presence of a relatively high titer of rotavirus-specific IgG, no specific IgA or IgM was falsely detected in any cord serum sample, even though both IgG and IgA reacting with rotavirus were found in all maternal sera tested.
Specificity of class-specific ELISA for rotavirus. SA 11 antigen diluted 1:20 completely blocked the rotavirus ELISA reaction of 65% of cific antirotaviral ELISA titers. Sera obtained from laboratory staff (Table 2) were tested by class-specific ELISA and by ELISA using a composite conjugate (anti-IgG, M, A). Specific IgG titers, being the highest in each case, were reflected in the titers obtained with the combined conjugate. All staff showed evidence of rotavirus-specific IgG and IgA at high levels, but no specific IgM was detected. Application of the class-specific ELISA to serially collected fecal, colostrum, and milk samples. Titers of rotavirus-specific IgG, IgM, IgA, and ScIg found in a mother's colostrum and milk and in her infant's fecal supernatants, along with an indication of rotavirus excretion, are shown in Fig. 1 . Levels of antiro- (Table 2 ). Most conjugates showed discrimination of .16x between immunoglobulin classes, and these were satisfactory in practice.
Quantitation with purified immunoglobulin also makes it possible to express titers in terms of actual amounts of immunoglobulin. A titer of 1:8 represents between 0.4 and 2.5 ,ug of IgG, IgA, or IgM per ml, and calculations based on the accepted normal ranges of total immunoglobulin levels in sera (19) , milk and colostrum (7, 12) indicate that on average, 0.3 to 0.9% of the total immunoglobulin in the samples studied are directed against rotavirus. These figures appear reasonable in view of the natural history of rotaviruses, which probably cause repeated infections throughout life (6, 9, 11) .
Using the usual criterion of fourfold rises in antibody titers between acute-and convalescent-phase serum specimens, seroconversions after rotavirus infection were demonstrated consistently for both IgA and IgG, but less frequently with IgM (Table 5) . Currently, however, we are much more interested in the possibility of "coprodiagnosis" of recent rotavirus infections by detection of transient antibody responses in fecal extracts. The ELISA described here appears to have sufficient sensitivity and specificity for this purpose (S. Sonza and I. Holmes, Med. J. Aust., in press).
Using the ELISA, detection of specific classes of antirotaviral immunoglobulin is no more difficult than measuring "antibody" in general, yet it is surprising that less sensitive methods incapable of discriminating between classes are still used. The importance of IgA in protection against intestinal infections is well established in animal studies, but much of the information on humans has until very recently been sketchy because of limitations of technique (2, 15, 21) .
We look forward to further studies on the duration and specificity of gut immune responses to rotaviruses based on coproantibody, which should be of considerable value in evaluating different immunization strategies. In this regard the work of Svennerholm et al. (20) on boosting the secretory IgA response to cholera appears highly relevant. Further studies on the transfer of rotavirus antibodies from mothers to their infants and susceptibility of infants to rotavirus infection are reported in the companion manuscript (13) .
